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SYMBOLS 

Mt 

r 

R 

thrust coef f ic ient  

gravitational constant, m/sec2 ( f t / s e c 2 )  

rotor l i f t ,  N (lb) 

advancing t i p  Mach number 

rotor radius, m ( f t )  

gas constant, m5/sec2 K ( f t5 /sec2"R)  

outs.:.de a i r  temperature, O C  (OF) 

aircraft  ve loc i ty ,  m/sec (f  t / sec)  

spec i f i c  heat rat io  

advance ra t io  

density,  kg/m3 ( l b  sec'lft')  

rotor s o l i d i t y  

rotational ve loc i ty ,  rad/sec (rot/min) 
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This  r epor t  documents t h e  f l i g h t  t e s t i n g  t e c t d q u e s ,  equipment, and procedures 
employed during a i r - t o - a i r  a c o u s t i c  t e s t i n g  of h e l i c o p t e r s  u s ing  t h e  NASA YO-3A 
Acoustic Research Aircraft. 

INTRODUCTION 

An a i r - to -a i r  f l i g h t  t e s t i n g  technique has been developed that measures e x t e r n a l  
h e l i c o p t e r  acous t i c s .  This technique, developed by :he Amy Aeromechanics Laboratory 
a t  Ames Research Center,  u ses  a fixed-wing a i r c r a f t  as t h e  microphone platform.  
f l i e s  i n  c l o s e  formatfon wi th  t h e  t es t  h e l i c o p t e r  as i t  records t h e  a c o u s t i c  d a t a .  
The NASA YO-3A Acoust ' c Research A i r c r a f t  , an a c o u s t i c a l l y  instrumented v e r s i o n  of t h e  
qu ie t  obse rva t ion  a i r c r a f t  manufactured f o r  t h e  m i l i t a r y ,  h a s  become t h e  ded ica t ed  
test f a c i l i t y  a i r c r a f t  u s ing  this technique. 

I t  

The use of t h i s  i n - f l i g h t  measurement technique enab le s  a c o u s t i c  d a t a  t o  b e  
obtained without t he  l i m i t a t i o n s  o r  m u l t i p l e  v a r i a b l e s  of ground-based f lyover  test-  
ing. Among t h e  b e n e f i t s  o f  i n - f l i g h t  over f lyby t e s t i n g  are t h e  following: elimina- 
t i o n  of m u l t i p l e  a c o u s t i c  t ransmission pa ths ,  r educ t ion  of atmospheric e f f e c t s ,  
e l imina t ion  of Doppler e f f e c t s ,  a b i l i t y  t o  record long s t eady- s t a t e  d a t a  p o i n t s ,  
a b i l i t y  t o  keep microphones geometr ical ly  f ixed r e l a t i v e  t o  r o t o r .  Th i s  lead t o  a 
powerful and v e r s a t i l e  r e sea rch  t o o l  i n  the  a r e a  of h e l i c o p t e r  a c o u s t i c s .  

This r e p o r t  documents t h e  YO-3A a i rc raf t ,  i t s  i n s t r m e n t a t i o n  system, r equ i r ed  
hardware i n s t a l l a t i o n  on t h e  tes t  a i r c ra f t ,  and t h e  techniques used i n  these  tests. 
I n  p a r t i c u l a r ,  formation f l y i n g ,  p o s i t i o n  l o c a t i o n s ,  tes t  m a t r i c e s ,  and test proce- 
dures  w i l l  be discussed.  Five appendices are included. 

AIRCRAFT DESCRIPTION 

The YO-3A Acoustic Research A i r c r a f t ,  shown i n  f i g u r e  1,  is used by NASA Ames 
Research Center f o r  i n - f l i g h t  measurement o f  r o t o r c r a f t  noise .  The a i r c r a f t ,  as 
c u r r e n t l y  configured,  has  had-no mod i f i ca t ions  t o  e i t h e r  t h e  a i r f r ame  o r  engine d r i v e  
t r a i n  from t h e  o r i g i n a l  m i l i t a r y  conf igu ra t ion .  
YO-3A are given i n  t a b l e  1 ,  a three-view drawing is shown i n  f i g u r e  2 ,  and t h e  f l i g h t  
envelope is shown i n  f i g u r e  3. 

The phys ica l  c h a r a c t e r i s t i c s  of  t h e  

The very low p r o p e l l e r  t i p  speed i s  t h e  r e s u l t  of a three-to-one engine-to- 
p r o p e l l e r  speed reduct ion.  
e l imina te s  t h e  p o s s i b i l i t y  of gear-clash a s  a prominent no i se  source.  Engine no i se  
is reduced by a m u f f l e r ,  mounted under a prominent cowling which runs t h e  l eng th  of 
t h e  fuse l age  on t h e  s t a rboa rd  s i d e .  These t h r e e  f e a t u r e s ,  low p r o p e l l e r  t i p  speed, 
qu ie t  b e l t  dr ive;  and l a r g e  m u f f l e r ,  combine t o  make t h e  YO-3A an extremely q u i e t  

Th i s  r educ t ion  i s  achieved wi th  a b e l t  d r i v e  system which 
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TABLE 1.- YO-3A PHYSIC& CHARACTERISTICS 
~ 

Wingspan . . . . . .  17.4 m (57 f t )  
Length . . . . . . .  8.93 m (29.3 f t )  
Height . . . . . . .  2.77 m (9.1 f t )  
Maximum gross  

Power p l a n t ,  

P r o p e l l e r  d-ameter  . 2.54 m (100 i n . )  

takeoff  weight . . 1722 kg (3800 lb )  

Cont inenta l  . . . .  156.6 kW (210 hp) 

S t a l l  speed . . . . .  111 kmph (60 knots)  
Maximum speed . . . .  204 kmph (110 knots )  

Landing gear  . . . .  Tail-draggei  

F laps  . . . . . . . .  Fixed 

C r e w  . . . . . . . .  2 
P r o p e l l e r  b l a d e s  . . 3 

P r o p e l l e r  t i p  speed . 109.7 mps (360 f p s )  

I 

TABLE 2 .  - TAPE RECORDER SPECIFICATIONS 

. . .  
. . . . . . .  
. . . . . . .  . . . . . . . .  . . . . . . .  

S i g n a l  . . . . . . . . .  2 V peak-to-peak 

Frequency response 0-20 kHz 
Tape speed 30 i n . / s e c  
Record time 30 mixi  
Reel s i z e  10-1/2 i n .  
Tape width 1 i n .  

Carrier frequency . . . .  108 Hz 

TABLE 3.- YO-3A DATA CHANNEL ASSIGNMENTS 

P o r t  microphone . . . . . . . . .  1 
T a i  1 microphone . . . . . . . . .  3 
Starboard microphone . . . . . . .  5 
l / rev  p u l s e  . . . . . . . . . . .  2 
IRIG-I3 tj.inz code . . . . . . . . .  4 
Altimeter  . . . . . . . . . . . .  9 

OAT (F) . . . . . . . . . . . . .  11 
Airspeed . . . . . . . . . . . . .  10 

Angle of a t t a c k  . . . . . . . . .  12 
Angle of s i d e s l i p  . . . . . . . .  13 
Voice t r a c k  . . . . . . . . . . .  ‘ 4  
Spare . . . . . . . . . . . . . .  t ~ ,  7 ,  8 
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a i r c r a f t .  It is t h i s  low no i se  s i g n a t u r e ,  a long  w i t h  i ts  f l i g h t  envelope, t h a t  makes 
i t  an excellent a i r c r a f t  f o r  use w i t h  a i r - t o - a i r  a c o u s t i c  t e s t i n g .  

AIRCRAFT INSTRUMENTATION 

The NASA YO-3A is equipped w i t h  a s p e c i a l  i n s t rumen ta t ion  package f o r  making 
a c o u s t i c  measurements. Th i s  package c o n s i s t s  of an in s t rumen ta t ion  boom, s e v e r a l  
r ad io  l i n k s ,  an a c o u s t i c s  package, and a recording system. I n  a d d i t i o n  t o  t h e  i n s t r u -  
mentation OR board t h e  YO-3A, a s e p a r a t e  package m u s t  be i n s t a l l e d  on t h e  test  air- 
craf t .  T h i s  package is desc r ibed  i n  d e t a i l  i n  t h e  fol lowing s e c t i o n .  

The instrument boom, f i g u r e  4 ,  mounted o f f  t h e  p o r t  wing, c o n t a i n s  t h e  follow- 
ing sensors:  a i r speed ;  a l t i t u d e ,  ang le s  of  a t t a c k  and s i d e  s l i p ;  and o u t s i d e  a i r  
temperature.  The p i l o t  instruments  f o r  a i r s p e e d ,  a l t i t u d e ,  and rate of climb o p e r a t e  
off a s e p a r a t e  P i t o t - s t a t i c  tube mounted on t h e  s t a rboa rd  wing. The r a d i o  l i n k s  are 
an IRIG-B time code r e c e i v e r  used f o r  d a t a  t i m e  c o r r e l a t i o n s ,  a v o i c e  l i n k ,  and a 
one-per-rotor evo lu t ion  (1 / r ev )  s i g n a l  broadcast  from t h e  t2st h e l i c o p t e r .  The t i n e  
code r e c e i v e r  is set  t o  a frequency of 171.0 MHz. 

I f  t e s t i n g  is t o  be conducted o f f  s i t e  ( i . > . ,  away froin NASA Ames Research 
Center) ,  an IRIG-B time code m u s t  be a v a i l a b l e ,  and NASA Ames must be informed of i t s  
frequency so t h a t  a compatible r e c e i v e r  can b e  i n s t a l l e d .  Thi? l / r e v  system, ope ra t -  
i n g  on a frequency of 40.35 MHz, must be c l e a r e d  with l o c a l  m i i i t a r y  frequencv coor- 
d ina to r .  The l / r e v  system i s  used t o  c o r r e l a t e  blade azimuth l o c a t i o n  with measured 
acous t i c  s igna tu res .  

Acoustic i n s t rumen ta t ion  on the  YO-3A c o n s i s t s  of two modified dual-channel 
microphone power s u p p l i e s ,  t h r e e  microphones wi th  p r e a m p l i f i e r s ,  and an osc i l l o scope .  
The power s u p p l i e s  have been s p e c i a l l y  modified i n  t h r e e  ways: (1) t o  -un o f f  t h e  
28-volt dc a i r c r a f t  power; (2)  0 and 210, and 220 dB ga in  adjustments  on each output  
s i g n a l ;  and (3) potent iometers  which a l low f i n e  gdin adjustments  t o  each channel 
during c a l i b r a t i o n .  These power s u p p l i e s  d r i v e  the  t h r e e  0.5-in. condenser micro- 
phones, l eav ing  one channel as a spare .  Figure 5 shows a t y p i c a l  response curve of 
t h e  microphone. The three microphones m d  preamps are mounted on airodynamic s t r u t s  
located on both wingt ips  and a t o p  t h e  v e r t i c a l  t a i l ,  as shown i n  f i g u r e  6 .  A p o r t a b l e  
osc i l l o scope  is used t o  monitor t h e  i n - f l i g h t  d a t a  as i t  i s  being recorded. 

The f l i g h t  e n g i n e e r ' s  s t a t i o n ,  l oca t ed  i n  t h e  f r o n t  seat of t h e  YO-3A, houses 
t h e  c o n t r o l s  on t h e  instriunent pane l ,  shown i n  f i g u r e  7 .  

The f l i g h t  engineer  has  t h e  a b i l i t y ,  through t h e  r o t a r y  swi t ch  loca ted  i n  t h e  
upper r i g h t  of t h e  panel ,  t o  monitor any one of t h e  t h r e e  microphones, time code, o r  
l / r e v  s i g n a l s  on t h e  c e n t r a l l y  mounted osc i l l o scope .  

The s i g n a l s  from a l l  t h e s e  senso r s ,  p lus  p i l o t  comments, are recorded on a 
14-track FM wideband a i rbo rne  tape recorder .  S p e c i f i c a t i o n s  f o r  t h e  r eco rde r  a r e  
presented i n  t a b l e  2 .  

Table 3 lists each senso r  and i t s  channel assignment.  The spare channels are 
scheduled t o  be used by s e v e r a l  sys tem upgrades. Included i n  t h e  planned upgrades are 
a computerized laser p o s i t i o n i n g  system, mul t ip l ex ing  the  instrument  boom senso r s  onto 
one channel,  recording test a i r c r a f t  c o n t r o l  j.nputs, and recording microphone ga in  
s e t t i n g s .  

5 
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The t a p e  r eco rde r ,  t ime code r e c e i v e r ,  and l / r e v  hardware are mounted i n  t h e  
s t o r a g e  bay d i r e c t l y  behind t h e  p i l o t ,  f i g u r e  8. 
A i r c r a f t ' s  background n o i s e  levels are presented i n  appendix A. 

A summary of t h e  Acoust ic  Research 

TEST AIRCRAFT INSTRUMENTATION HARDWARE 

As mentioned i n  t h e  preceding s e c t i o n ,  t h e  t es t  a i r c r a f t  must provide a l l r e v  
The l l r e v  system used t o  cchieve s i g n a l  t o  t h e  YO-3A f o r  u se  du r ing  d a t a  a n a l y s i s .  

t h i s  c o n s i s t s  o f  fou r  p a r t s ,  t h r e e  of which must be  a t t a c h e d  t o  t h e  t es t  h e l i c o p t e r .  
Appendix B con ta ins  an i temized requirements list.  

The l l r e v  pickup, f i g u r e  9 ,  m u s t  be mounted i n  t h e  f i x e d  system approximately 
2 i n .  from a s u r f a c e  of t h e  r o t a t i n g  system. 
supp l i ed  by t h e  u s e r  and not by NASA. 
b lade i s  a t  0 azimuth when t h e  senso r  is t r i g g e r e d ,  f i g u r e  10. The pickup is an 
o p t i c a l  s enso r  which emits and d e t e c t s  a n  i n f r a r e d  beam. 
r e t r o r e f l e c t o r  wh i l e  i gnor ing  o t h e r  r e f l e c t i v e  s u r f a c e s  which pass b e f o r e  i t .  
t i v e  t ape ,  a c t i n g  as t h e  r e t r x e f l e c t o r ,  i s  app l i ed  t o  t h e  s h a f t ,  r o t a t i n g  swash 
p l a t e ,  o r  p i t c h  l i n k s ,  as shown i n  f i g u r e s  l l ( a )  and l l ( b ) ,  t o  t r i g g e r  t h e  senso r .  

The r equ i r ed  mounting hardware must b e  
The hardware should be mounted such t h a t  a 

The senso r  r e a c t s  only t o  a 
Ref lec- 

The s i g n a l  from t h e  senso r  is f e d  t o  the  encode r / t r ansmi t t e r ,  provided by NASA. 
This hardware should be  mounted i n  t h e  test a i r c r a f t  where i t  i s  e a s i l y  a c c e s s i b l e  
t o  ground crew, and e a s i l y  wired t o  t h e  l l r e v  senso r ,  28-volt  dc a i r c r a f t  power, 
cockpit  o n l o f i  swi t ch ,  and antenna. The e n c o d e r l t r a n s m i t t e r  package i s  t y p i c a l l y  
assembled on a mounting p l a t e ,  f i g u r e  12. I f  t h i s  i s  not a workable conf igu ra t ion ,  
a custom arrangement can be  devised,  given reasonable  advance n o t i c e .  The onloff  
switch located i n  t h e  cockpi t  r e q u i r e s  only t h a t  i t  be connected w i t h  t h e  encoder1 
t r a n s m i t t e r ,  and have a f l a t  s u r f x e  f o r  quick mounting. 

The encode r l t r ansmi t t e r  must be connected t u  an antenna capable  of broadcast ing 
40.95 KHz. I f  a s u i t a b l e  antenna e x i s t s  on t h e  test a i r c r a f t ,  it can be used; i f  
n o t ,  t h e  svstem inc ludes  an antenna which cay be modified t o  mount on o r  i n  t h e  tes t  
a i r c r a f t  . 

TESTING TECHNIQUES 

Acoustic f l i g h t  t e s t i n g  of h e l i c o p t e r s  w i t h  t h e  YO-3A has l ed  t o  the  develop- 
ment of s p e c i f i c  f l i g h t  t e s t i n g  techniques.  These techniques inc lude  real-time t e s t -  
point c a l c u l a t i o n ,  formation f l y i n g ,  and a i r c r a f t  p o s i t i o n i n g  techniques.  The chase 
a i r c r a f t  i s  used on a l l  test f l i g h t s  f o r  t r a f f i c  i d e n t i f i c a t i o n  and avoidance. 

Four test  p o s i t i o n s  have been i d e n t i f i e d  from wind tunne l  tests, theo ry ,  and 
f l i g h t  test f o r  use du r ing  a i r - t o - a i r  a c o u s t i c  t e s t i n g .  Because of t h e  high d i r e c t i v -  
i t y  o i  h e l i c o p t e r  n o i s e ,  i r r  which t h e  noise  propagates forwprd, t h e  YO-3A f l i e s  as 
lead a i r c r a f t  i n  t h e  f l i g h t  formations.  I n  o rde r  t o  ensure the  recording of f a r - f i e l d  
a c o u s t i c s ,  whilz maintaining accu ra t e  r epea tab le  p o s i t i o n s ,  a s e p a r a t i o n  d i s t a n c e  of 
3.5 r o t o r  r a d i i  i q  maintained. 

The first p o s i t i o n ,  measuring high Mach e f f e c t s  on t h e  advancing b l ade ,  has  t h e  
r o t o r  hub coplanar  w i t h  t h e  t a i l  microphone on t h e  YO-3A. 
vo r t ex  i n t e r a c t i o n ,  has t h e  h e l i c o p t e r  30" above and 45" a f t  o f  t h e  YO-3A p o r t s i d e .  

The second, measurinf blade 
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l/rev INSTRUMENTATION REQUIREMENTS 

SWASH PLATE 
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SURFACE 
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Figure 11.- l l r e v  mountings. 
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The t h i r d  p o s i t i o n  i s  a m i r r o r  image o f  t h e  second. 
a p o s i t i o n  sweep. 
and f l i e s  an arc to a p o i n t  d i r e c t l y  ahove t h e  YO-3A. 
t h e  d i r e c t i v i t y  p a t t e r n  o f  t h e  test r o L J r  system. 
depicted i n  f i g u r e s  13, 14, and 15, r e spec t ive ly .  

The f o u r t h  l o c a t i o n  i s  a c t u a l l y  

T h i s  is done t o  h e l p  i d e n t i f y  
The test a i r c r a f t  begins a f t  o f  the YO-3A i n  t h e  t ra i l  p o s i t i o n ,  

The f o u r  tes t  p o s i t i o n s  are 

These tes t  l o c a t i o n s  form one l e g  of  t h e  three-dimensional test  matrices t h a t  
are  used du r ing  a c o u s t i c  t e s t i n g .  The remaining two legs are rate o f  descen t  and 
a i r speed .  Table 4 shows a t y p i c a l  test m a t r i x  c o n s i s t i n g  o f  56 d a t a  po in t s .  

The test ma t r ix  i s  determined by t h e  f l i g h t  envelope o f  t he  YO-3A, and t h e  
n a t u r e  of h e l i c o p t e r  a c o u s t i c s .  
Mach numbers on t h e  advancing b l ade ,  propagates  ahead of t h e  a i r c r a f t ,  remaining 
e s s e n t i a l l y  i n  t h e  plane o f  t h e  r o t o r .  
f o r e ,  con ta ins  t h e  t r a i l  p o s i t i o n  i n  almost every row. Blade v o r t e x  i n t e r a c t i o n  
no i se ,  generated by a b l ade  i n t e r s e c t i n g  t h e  shed v o r t e x  of a preceding b l ade ,  propa- 
gates forward i n t o  t h e  lower quadrants.  The lower-speed columns of t h e  test ma t r ix  
con ta in  t h e  l e f t  and r i g h t  p o s i t i o n  in most rows. The experimental  sweeps are used 
t o  measure t h e  d i r e c t i v i t y  of t h e  r o t o r  a c o t s t i c s  from t h e  r o t o r  plane t o  d i r e c t l y  
beneath t h e  r o t o r .  The l o c a t i o n s  of t h e  sweeps i n  t h e  ma t r ix  are no t  e s s e n t i a l ;  
however, they are u s u a l l y  spaced so as t o  measure bo th  th i ckness  n o i s e  and b l ade  
vo r t ex  i n t e r a c t i o n  no i se .  

High-speed h e l i c o p t e r  n o i s e ,  generated by h igh  l o c a l  

The high-speed column of  a test  matrix,  t he re -  

The  a i r c r a f t  s e p a r a t i o n  and p o s i t i o n i n g  a r e  maintained v i s u a l l y  w i t h  t h e  test 
h e l i c o p t e r  c o p i l o t / t e s t  engineer  u s ing  a hand-held r ange f inde r  t o  e s t a b l i s h  and 
maintain t h e  proper d i s t ance .  
i s  judged by t h e  p i l o t  a l i g n i n g  wing markings w i t h  t h e  v e r t i c a l  t a i l .  
runs t o  f a m i l i a r i z e  t h e  tes t  team w i t h  these  p o s i t i o n s ,  t h e  proper  r e l a t i v e  v e r t i c a l  
s epa ra t ion  is gene ra l ly  a s s i s t e d  by obse rva t ion  from t h e  chase a i rc raf t .  
from t h e  chase a i r c r a f t  during the  experimental  sweeps are inva luab le .  When p r o f i -  
ciency i s  obtained i n  holding t h e  formations,  t h e  chase a i r c r a f t  moves t o  a d i s t a n c e  
a t  which i t s  no i se  w i l l  not c o n t r i b u t e  t o  t h e  tez:: d a t a .  Th i s  p o s i t i o n  i s  ; ene ra l ly  
2 miles behind and t o  che s i d e  of  t h e  YO-3A. As each test point begins ,  i ciiase 
goes i n t o  a slow climb, s o  as t o  f u r t h e r  reduce poss ib l e  contamination of t h e  da t a .  
These v i s u a l  techniques of formation f l y i n g  have bten found t o  b e  a c c u r a t e  t o  w i t h i n  
41 m of t h e  d e s i r e d  d i s t a n c e s .  

The proper l e f t  and r i g h t  p o s i t i o n i n g  behind t h e  YO-3A 
During p r a c t i c e  

Comments 

Test procedures c a l l  f o r  t h e  YO-3A p i l o t  t o  set  LS on t h e  s p e c i f i e d  a i r s p e e d  
and a l t i t u d e  of t h e  t es t  condi t ion.  When s t a b l e ,  t h e  h e l i c o p t e r  p i l o t  maneuvers i n t o  
place using t h e  techniques discussed above. Once t h e  proper  formation is obtained i n  
l e v e l  f l i g h t ,  t h e  c o p i l o t l t e s t  engineer  n o t i f i e s  t he  test  engineer  in t h e  YO-3A by 
switching on t h e  l / r e v  s i g n a l .  While t h e  t es t  h e l i c o p t e r  i s  s e t t i n g  up,  t h e  YO-3A 
test engineer a d j u s t s  t h e  dec ibe l  gain s e t t i n g s  o n  t h e  power s u p p l i e s  t o  maximize t h e  
microphone response,  while  avoiding signal s a t u r a t i o n .  When t h e  1 / r ev  s i g n a l  is  
received,  and t h e  YO-3A is on cond i t ion ,  t h e  t es t  engineer  begins t a k i n g  da ta .  !luring 
t h e  d a t a  record,  t h e  tes t  engineer  con t inues  t o  monitor t h e  a c o u s t i c  l e v e l s ,  l / r e v  
s i g n a l ,  and t h e  t ime code on the  osc i l l o scope .  A d e t a i l e d  c h e c k l i s t  of t h e  procedures 
i s  presented in appendix C .  A t  t h e  end of each d a t a  record,  t h e  YO-3A p i l o t  comments 
on t h e  a i r speed ,  a l t i t u d e ,  and consis tency of t h e  run, and t h e  h e l i c o p t e r  p i l o t  com- 
ments on t h e  pos i t i on ing  of t h e  a i r c r a f t  and c o n t r o l  i npu t s  needed t o  maintain t h a t  
pos i t i on .  These recorded comments prove t o  be inva luab le  du r ing  d a t a  reduct ion i n  
helping select t h e  b e s t  s e c t i o n  of d a t a  f o r  a n a l y s i s .  

These procedures work w e l l  f o r  t h e  l e v e l - f l i g h t  test p o i n t s .  However, during 
t h e  higher  rate of s i n k  p o i n t s ,  t:here t iming i s  c r i t i c a i ,  refinements of this 
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Figure 13.- Trail pos i t ion .  
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Figure 14 . -  Air-to-air acoustic  t e s t ing .  
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technique are r equ i r ed .  For t h e s e  p o i n t s  t h e  YO-3A p i l o t  sets up o n  t h e  a i r s p e e d  
with the test a i r c r a f t  i n  c l o s e  formation,  b u t  not  t r y i n g  t o  hold p o s i t i o n .  Then 
wi th  a r ad io  ca l l ,  t h e  YO-3A p i l o t  noses over  t o  o b t a i n  and ma in ta in  t h e  s p e c i f i e d  
rate of s i n k  wh i l e  ho ld ing  a i r speed .  The h e l i c o p t e r  p i l o t  s imultaneously tries t o  
g e t  i n t o  proper  p o s i t i o n .  As w i t h  l e v e l  f l i g h t ,  t h e  l l r e v  signal is  used t o  i n d i c a t e  
that the h e l i c o p t e r  is i n  p o s i t i o n .  When the test engineer  i s  r e c e i v i n g  the l l r e v  
s i8na l  and has  been informed by t h e  p i l o t  that they are s t a b l e  and c l o s e  t o  b u t  s t i l l  
above t h e  c a l c u l a t e d  a l t i t u d e ,  t h e  d a t a  record i s  begun. S ince  each test po in t  las ts  
f o r  a minimum of 30 sec of d a t a ,  s i g n i f i c a n t  a l t i t u d e  can be  l o s t  i f  t h e  s e t u p  is n o t  
quickly accomplished. 

The tes t  ma t r ix  d i scussed  above is  flown i n  such a way as t o  ma in ta in  s e v e r a l  
nondimensicnal eng inee r ing  parameters constant :  c o e f f i c i e n t  of t h r u s t ,  advancing t i p  
Mach number, and advance r a t i o .  By keeping t h e s e  parameters c o n s t a n t ,  any a c o u s t i c  
d i f f e r e n c e s  between test p o i n t s  m u s t  be due t o  t h e  remaining v a r i a b l e s  (e.g. ,  rate 
of descen t ) .  Thrust  c o e f f i c i e n t ,  def ined i n  equat ion 1, i s  kept cons t an t  by va ry ing  
a l t i t u d e ,  by keeping t r a c k  o f  f u e l  used, and by assuming r o t o r  t h r u s t  equals  a i r c r a f t  
g ros s  weight - 

A t  each d a t a  p o i n t ,  a test  a l t i t u d e  must be c a l c u l a t e d  and h e l d ,  b u t  during a 
rate-of-s ink tes t  point  t h e  d a t a  are begun such thdL t h e  d e s i r e d  a l t i t u d e  i s  approxi- 
ma te ly  t h e  mean of t h a t  run. The advancing t i p  Mach number and t h e  idvance r a t i o ,  
equat ions 2 and 3 r e s p e c t i v e l y ,  a r e  obtained by varying a i r speed  and main r o t o r  rota-  
t i o n a l  speed. 

These computations cannot be done a p r i o r i  as n e i t h e r  t h e  f u e l  u s e  p r o f i l e  nor  
o u t s i d e  a i r  temperature can be adequately f o r e c a s t .  
(appendix D) and programmed i n t o  a p o r t a b l e  programmable c a l c u l a t o r  which computes 
t h e s e  f l i g h t  parameters i n  real  t i m e  by an observer  on t h e  chase a i r c r a f t .  This 
minimizes t h e  number of  people involved i n  t h e  t e s t ,  does not r e s t r i c t  t h e  t es t  area, 
and maintains  a safe  number of  "eyes1' o u t s i d e  t h e  cab ins  f o r  a i r  t r a f f i c  i d e n t i f i c a -  
t i o n  and avoidance. 

A r o u t i n e  has  been w r i t t e n  

The chase engineer ,  i n  a d d i t i o n  t o  computing t h e  t es t  p o i n t s ,  a l s o  performs t h e  
bookkeeping d u t i e s  of t he  f l i g h t  card and keeps n o t e s  of p i l o t  comments as a s u p p l e -  
ment tr, the  recorded comment s.  

CALIBRATION PROCEDURES 

A complete c a l i b r a t i o n  of t he  in s t rumen ta t ion  package must be conducted f o r  each 
new d a t a  t ape  recorded. This i s  r equ i r ed  to  convert  t h e  d a t a  t o  engineer ing u n i t s  
du r ing  past  f l i g h t  ana lys i s .  A c a l i b r a t i o n  c h e c k l i s t  is presented i n  appendix E. 
C e r t a i n  in s t rumen ta t ion  hardware is needed t o  c a l i b r a t e ,  t h e  sys tem,  as shown i n  
f i g u r e  16. 
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TABLE 4 . -  SAMPIE ACOUSTIC TEST MATRIX 
AIRSPEED, KNOTS 

80 90 100 

LTE TR LTE 
LT LT LR 
LR LTR LTE 
LR L TR 
LR LR L --- --- --- 

I I 

110 

T 
LT 
LR 
LT 
LT --- 

I Rate of sink, 
I f Pm 

6o 120 130 

--- 

L = l e f t  position 
T = Trail position 
R = Right position 
E = Experimental sweep 

VACUUM PUMP. TUBING. 
AND PRESSURE GAUGE 

Figure 16. - Calibration Equipment. 
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CONCLUDING REMARKS 

The YO-3A a i r c r a f t  is  used by NASA and Army personnel  at h e s  Research Center  t o  
conduct I n - f l i g h t  a c o u s t i c  t e s t i n g  o f  h e l i c o p t e r s .  T h i s  t e s t i n g  technique ,  proposed 
and pioneered by t h e  U.S. Army Research and Technology Labora to r i e s  Aeromechanics 
Laboratory,  h a s  proven i t se l f  t o  be  an  extremely va luab le  r e sea rch  t o o l  i n  t h e  under- 
s t and ing  of he l i cop te r - r e l a t ed  a c o u s t i c  phenomenon. The i n - f l i g h t  t e s t i n g  technique  
e l imina te s  most of t h e  contaminat ing f a c t o r s  encountered i n  o t h e r  t ypes  of  e x t e r n a l  
acous t i c  test ing  . 

This  manual documents t h e  in s t rumen ta t ion  system, t h e  c a l i b r a t i o n  and test  pro- 
cedures ,  and t h e  f l i g h t  t e s t i n g  techniques  used when t e s t i n g  wi th  t h e  Acoustic 
Research A i r c r a f t ,  and inc ludes  a d e s c r i p t i o n  o f  t h e  hardware t o  b e  i n s t a l l e d  on t h e  
test h e l i c o p t e r .  

This i n - f l i g h t  a c o u s t i c  t e s t i n g  technique r e q u i r e s  p r e c i s i o n  formation f l i g h t  i n  
order  t h a t  accu ra t e ,  r epea tab le  d a t a  are obta ined .  The development and ref inement  of 
t h e s e  formation f l i g h t  techniques have been a c o l l e c t i v e  e f fo r ;  by t h e  many tes t  
p i l o t s  who have p a r t i c i p a t e d  i n  t h e s e  tests. 
t h e  success  of t h i s  t e s t i n g  method, and a r e  g r a t e f u l l y  acknowledged. 

Thel r  c o n t r i b u t i o n s  have been v i t a l  t o  
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APPENDIX A 

YO-3A BACKGROUND NOISE DATA SUMMARY 

Background noise  data from the YO-3A Acoustic Research Aircraft i s  presented 
here,  i n  the form of third octave p lo t s .  
of i l l u s t r a t i n g  the f w i l i t y ' s  capabill t i e s ,  not rigorously documenting its acoustic  
character is t ics .  

These sample data are provided as a means 
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APPENDIX B 

REQUIREMmTS LIST FOR TEST AIRCRAFT FLOWN WITH THE 
ACOUSTIC RESEARCH AIRCRAFT 

1. I n s t a l l a t i o n  of l / r e v  pickup i n  t h e  hub area. 

2. I n s t a l l a t i o n  o f  encode r / t r ansmi t t e r  package, i nc lud ing  connection t o  power 
source,  l l r e v  sensor ,  and cn/off switch.  

3. I n s t a l l a t i o n  of  antenna, including hookup w i t h  encode r / t r ansmi t t e r .  

4 .  VHF and UHF communication r ad ios .  

5. Means of ob ta in ing  a c c u r a t e  f u e l  usage d a t a  i n  real time. 

I n  o rde r  t o  o b t a i n  q u a l i t y  research a c o u s t i c  d a t a ,  i t  i s  d e s i r a b l e  t o  maintain 
c e r t a i n  nondimensional c o e f f i c i e n t s  cons t an t .  To this end, t h e  test a i r c r a f t  g ros s  
weight must be accu ra t e ly  known. The test a i r c r a f t  should be  measured foi  weight and 
balance p r i o r  t o  t h e  test .  Accurate f u e l  .=e information i s  e s s e n t i a l .  The f u e l  
gagc should be a c c u t q t e l y  readable  t o  1 g a l  of f u e l  pe r  300 l b  of a i r c r a f t  g r o s s  
weight. 
of engine torque a s  f u e l  rate t o  improve tl:e accuracy of t h e  gage reading. 

I f  t h e  f u e l  gage i s  not adequaLe; i t  i s  p o s s i b l e  t o  use performance c h a r t s  
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APPENDIX c 

FLIGHT TEST ENGINEER'S CHECKLIST 

The f l i g h t  test engineer  aboard the  YO-3A has many r e s p o n s i b i l i t i e s  du r ing  a 
test. 
r e c t l y  and i n  t h e  proper  o r d e r .  

The fol lowing c h e c k l i s t  is provided t o  ensure t h a t  each a c t i o n  is done cor- 

P r e f ,  Lght 
0. I n s t a l l  new t ape  i n  r eco rde r  
1. Ensure t h a t  b u l l e t  nose cones are s e c u r e l y  mounted on a l l  microphones 
2 .  Ensure t h a t  a l l  power switches a t  t h e  engineer  s t a t i o n  are o f f  
3. Ensure that s t a t i c  p o r t s  on instrument  boom are c l e a r  

4 .  A f t e r  t h e  YO-3A has cranked up, p i l o t  swi t ches  on instrument  power. 

5. Power up a l l  instruments  a t  f l i g h t  tes t  engineer  s t a t i o n .  

6 .  Have test a i r c r a f t  t u r n  on l l r e v ;  check r ecep t ion  of s i g n a l  on channel 4 
w i t h  scope. 

7 .  With test a i r c r a f t  p r a c t i c i n g  formation f l y i n g ,  check microphone ga in  set- 
t i n g s  with scope l e v e l s .  

8. When i n  test area, check time code r ecep t ion  on channel 5 .  

9. When ready t o  begin t e s t i n g ,  r ad io  o u t s i d e  a i r  temperatures (OAT) reading t o  
chase engineer f o r  computation of test p o i n t .  Enter  t h e  c a l c u l a t e d  tes t  cond i t ion  
on f l i g h t  card.  

10. Check gain s e t t i n g  and s i g n a l  l e v e l s  as tes t  a i r c r a f t  g e t s  i n  p o s i t i o n .  
Have YO-3A p i l o t  g ive  ve rba l  s i g n a l  when "on condi t ion."  Check l / r e v  channel 4 ,  f o r  
s i g n a l  from t e s t  a i r c r a f t  t h a t  they a r e  i n  pos i t i on .  

11. When test  point  i s  ob ta ined ,  s t a r t  t a p e  and t imer .  Announce "Tape is  run- 
ning f o r  f l i g h t  number 10, run number 15, 100 kno t s ,  600 down, t a i l  pos i t i on"  as an 
examp 1s. 

12. Constant ly  check t h e  s i g n a l  l e v e l s  on t h e  microphone channels ,  a d j u s t  t h e  
gain s e t t i n g s  i f  s i g n a l s  reach s a t u r a t i o r !  l e v e l s .  Reccrd any gain s e t t i n g  changes on 
f l i g h t  card.  

13. Af t e r  30 s e c  of d a t a  announce, "End of d a t a ,  ready f o r  p i l o t  c o m e n t s ,  . . . , end run - .I' Stop tape and timer. 

14. Repeat t h e  procedure from s t e p  9 far t h e  remaining t e s t  p o i n t s .  

15. A f t e r  t h e  las t  test p o i n t ,  shut  o f f  a l l  equipment a t  test  eng inee r ' s  
s t a t i o n  

16. P i l o t  s h u t s  o f f  instrument power. 
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APPENDIX D 

PROGRAM LISTING OF TEST POINT COMPLTER PROGRAM 

A l t i t u d e  c a l c u l a t i o n  

Step Operation 

24 Label A 
25 Reca l l  05 
26 
27 Recall 10 
28 X 

29 ( 
30 Recall 2 1  
31 - 
32 Reca l l  03 
33 1 
34 
35 Recall 67 
36 - 
37 S t o r e  13 
38 y' 
39 0.19 
40 
41 1 
42 - 
43 Change s i g n  
44 
45 6.876EE-06 
46 - 
47 s t o p  

- 

- 

- 

- 

- 

- 

Temperature  conversion 

F t o  C 
Step Operation 

1 Label 0 
2 
3 32 
4 - 
5 X 

6 5 
7 
8 9 
9 

- 
- 

- - 
10 S t o r e  02 
11  s t o p  

RPM c a l c u l a t i o n  

Step 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
6i 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

Operacion 

Label B 
( (  

Recall 02 
+ 

Recall 12 
1 

Reca l l  1 1  
1 

S t o r e  14 
J;; 

( (  
Reca l l  06 

+ 
Recall 12 

1 

Reca l l  1 1  

- 

- 

) r vx 
X 

R e L a l l  09 

s t o p  
- - 

Sto rage  1 
2* 
3* 
4* 
5 
6 
7 
9 
10 
1 1  
12 
13 
14 

Veloc i ty  c a l c u l a t i o n  

Step Operation 

73 Label C 
74 Recall 13 
75 J;; 
76 
77 ( 
78 Recall 14 
79 X 

80 Recall 01 
81 1 
82 J;; 
83 X 

84 Recall 04 
85 - 

- 

- 
86 s t o p  

S to rage  addres ses  

Density r a t i o ,  r e f e rence  
Outside a i r  temperature 
Pounds f u e l  used s i n c e  takeoff 
Desired t r u e  a i r s p e e d  
Reference p r e s s u r e  
Reference temperature 
R e  f e  fence A / C  weight 
Reference RPM of main r o t o r  
P res su re ,  sea l e v e l  s t anda rd  
Temperature, s e a  l e v e l  sLmdard 
Degrees Kelvin conversion 
Ca icu la t ed  s c a l i n g  r a t i o  
Calculated temperature  r a t i o  

*Updated i n p u t s  f o r  each new tes t  point  
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APPENDIX E 

CALIBRATION CHECKLIST 

1. 

2 .  

3.  

4. 

5 .  

6. 

7 .  

8.  

9 .  

10. 

I n s t a l l  microphones w i t h  f l a t  s c reen  covers  on a m p l i f i e r s  l o c a t e d  on a...rodynamic 
s t r u t s  on wing t i p s  and v e r t i c a l  t a i l .  
l o c a t i o n  of i n s t a l l a t i o n  must be noted. 
phones must match t h i s  record.  

S e r i a l  numbers of microphones arid t h e  
Subsequent i n s t a l l a t i o n s  of t h e  micro- 

I n s t a l l  ground power p lug  i n t o  a i rc raf t .  
o f f  be fo re  t u r n i n g  ground power on. 

Check t h a t  p i l o t ' s  power swi t ches  are 

Tape over  t h e  s t a t i c  p o r t s  on t h e  instrument booms p i l o t - s t a t i c  tube.  
headse t s  a t  both crew s t a t i o n s .  
vo ice  recording.  S e t  r a d i o  s e l e c t o r  t o  intercom p o s i t i o n .  

I n s t a l l  
F a i l u r e  t o  i n s t a l l  both headse t s  r e s u l t s  i n  no 

Remove t h e  "T" plug,  and a t t a c h  vacuum hose t o  "T' j o i n t  i n  plumbing i n  i n s t r u -  
mentation bay behind p i l o t ' s  seat .  Attach t h e  remaining end of t h e  vacuum hose 
t o  t h e  s u c t i o n  p o r t  on t h e  p re s su re  gage. 
f i g u r e  E l .  

Location of "T" f i t t i n g  shown i n  

Turn on t h e  p i l o t ' s  power switch,  f i g u r e  E 2  (upper l e f t  hand co rne r  of bottom 
panel)  and power up a l l  i n s t rumen ta t ion .  

Remove l i d  on r eco rde r  and i n s t a l l  tape reel. Consult  i n s t r u c t i o n s  on l i d  f o r  
d e t a i l e d  d i r e c t i o n .  Replace l i d  and secure.  

Pump down t h e  p re s su re  t r ansduce r s  s e v e r a l  times t o  w a r m  up hoses and f l e x  t h e  
t r ansduce r s  t o  e l i m i n a t e  any h y s t e r e s i s .  Do not exceed 0.7 p s i a  du r ing  this 
s t ep .  

Ptmp down both t o t a l  and s t a t i c  p re s su re  t r ansduce r s  t o  t h e  proper p re s su re  (0.1, 
0.3, 0.55 p s i a ) .  When a t  t h e  co-rect va lue ,  clamp t h e  hose s e c t i o n  a t t a c h e d  t o  
t h e  hand pump. A f t e r  checking t h a t  p re s su re  s e t t i n g  i s  holding,  proceed as 
follows from test eng inee r ' s  s e a t  i n  cockp i t .  

a. Turn on tape;  watch f o r  "lock-on" l i g h t ,  timer should keep _ rack  of e lapsed 
t i m e  . 

b. Using headset  and microphone switch,  n o t e  t h e  p re s su re  v a l u e ,  t r ansduce r s ,  
and d i g i t a l  temperature reading. 

c. Allow 5 s e c  of d a t a ,  t hen  s t o p  recorder .  

d. Proceed t o  next p re s su re  v a l u e  and repeat  s t e p s  a through d .  

Remove t o p  hose from "T" j o i n t  and a t t a c h  vacuum hose t o  t h a t  l e g  of "T." 
Replace "T" cap on t h e  s i d e  "T" leg.  
c a l i b r a t i o n  plug and engage c a l i b r a t i o n  mode. 
a reading of approximately 30" F. 
disconnected,  l eav ing  j u s t  s t a t i c  pressure. 

I n s t a l l  s i n g l e  pou c l i p  i n t o  temperature 
The OAT gage should now d i s p l a y  

The t o t a l  p re s su re  t r ansduce r  has now been 

Repeat s t e p  8 w i t h  p r e s s u r e  s e t t i n g s  of 0.55, 1.0, and 2 . 0  p s i a .  Never exceed a 
p r e s s u r e  of 2 ps ia  on t n i s  t ransducer .  
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19. Perform the fol lowing checks t o  ensure r ead iness  t o  test. 

a. 

b. 

C. 

d. 

e. 

f .  

g. 

h. 

i. 

j. 

k. 

S t a t i c  p o r t s  on instrument  boom c l e a r  of tape.  

"TI' j o i n t  plumbing proper ,  s ecu re ,  and t i g h t .  

B u l l e t  cones on a l l  t h r e e  microphones. 

OAT d i s p l a y  switched t o  t es t  pos i t i on .  

Scope s h u t  o f f .  

Microphone power s u p p l i e s  shu t  o f f .  

Recorder p3wer h u t  o f f .  

P i l o t ' s  power switch shu t  off. 

Switch kcope t o  e x t e r n a l  t r i g g e r .  

I f  c a l i b r a t i o n  is  performed a t  end of f l i g h t ,  t h e  microphones should be  
removed and s t o r e d  i n  t h e i r  proper boxes, and p l a s t i c  p r o t e c t i v e  caps put  
ove r  a m p l i f i e r s .  

Disconnect power plug from a i r c r a f t .  

PRECEDING PAGE BUANK NOT, FILMED 
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ORIGINAL PAGE 1s 
OF POOR QUALITY 

-15 degree SETTING 0 degree SETTING 

Figure E3.- Angle r i g  use. 
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